The ecology, taxonomy and distribution of the Juniperus oxycedrus L. group of taxa are 20 studied. From an ecological aspect, this work proposes a new ombroedaphoxeric index 21 to explain the presence of populations of Juniperus in ombrotypes that are not the 22 optimum for these taxa. The controversy among various authors on the taxonomy of the 23 oxycedrus group with regard to J. oxycedrus subsp. badia and J. oxycedrus subsp. 24 lagunae is clarified. The phytochemical differences in essential oils are addressed, and 25 their similarities analysed; greater similarities are observed between oxycedrus and 26 badia (H. Gay) Debeaux, and between navicularis Grand. and macrocarpa (Sm.) Ball. 27
Introduction

31
The prickly juniper species (Juniperus oxycedrus L.) is widely distributed throughout 32 are of considerable ecological interest due to the presence of companion endemics in 48 these plant communities, which serves as the justification for their study. They form 49 small vegetation islands that act as species reservoirs as they are not used for either 50 agriculture or livestock farming and thus have not been destroyed by human action. In 51 these phytocoenoses it is frequent to find endemic species with different degrees of 52 rocky slopes with chasmophytic vegetation", which include many endemic plant 68 associations [7] and explain the need to conserve these areas. However, in less steeply 69 sloping rocky areas, the dominant species is Juniperus oxycedrus subsp. badia, which 70 characterises habitat 5210 "Arborescent matorral with Juniperus spp.". These zones can 71 therefore be classified as hotspots of special interest for conservation. All these 72 associations are included in the Habitats Directive, which justifies the ecological 73 importance of these areas and the need to study them for their subsequent conservation 74
The areas dominated by Juniperus species are currently undergoing a process of 76 expansion due to the increase in areas of scree, which are becoming more widespread 77 each year due to deforestation and forest fire. This phenomenon causes an increase in 78 edaphoxerophilous zones and a decrease in climatophilous zones, thus increasing the 79 potential areas that can act as a refuge for endemic species [9] . 80
The aim of this work is to clarify the taxonomy, ecology and distribution of the taxa in 81 the J. oxycedrus group, which form the communities included in the Habitats Directive 82 such as the "Arborescent matorral with Juniperus spp." (5210). 83 84
Materials and Methods
85
We studied the J. oxycedrus group and conducted herborisation and phytosociological 86 sampling campaigns in the field to determine the habitat in which these taxa occur. We 87 examined the differences in the ecology, distribution and taxonomy of the taxa in the J. 88 oxycedrus group by analysing their morphological, ecological and phytochemical 89 differences. With these characters, we studied the resemblance between the taxa using a 90 similarity analysis based on the data provided by [ Territories behave differently in response to the general climate, the type of substrate 100 and the topography of the terrain. For this reason areas on rocky crests -although they 101 may be located in rainy environments and surrounded by climactic forests-behave 102 differently from the territories around them. In these circumstances, islands evolve 103 which may contain edaphoseries, minoriseries and permaseries [16] . All plant 104 communities growing on rocky crests and steeply sloping areas with extreme gradients, 105 among others, are very significantly influenced by the soil, which conditions their 106 existence. All territories have a particular type of substrate and an orography that 107 determines whether they have a greater or lesser capacity to retain water. In ideal 108 situations with good soil texture and structure and with no slopes, the water retention 109 capacity (RC) can be assumed to be maximum (100%). Otherwise, losses occur due to 110 runoff and drainage, causing the RC to vary. Water is also lost through 111 evapotranspiration (ETP). However, as plants have the capacity to self-regulate their 112 losses, it can be accepted that the residual evapotranspiration e = 0.2ETP. There are 113 therefore two parameters (e and RC) implicated in the development of a vegetation, 114 which is essentially conditioned by rainfall. The ombroclimatic index I o therefore does 115 not explain the presence of plant communities influenced by the substrate, and for this 6 reason, we use the Ombroedaphoxeric Index [14] to explain the presence of 117 communities of Juniperus and Pinus for territories with a thermotype ranging from the 118 thermo to the supramediterranean. 119 120 I oex = P p -e/T p x RC 121 122 P p = mean annual precipitation. T p = mean annual temperature [15] . e = residual 123 evapotranspiration whose value is 0. Applying the formula I oex for the assumptions that RC is 0.25, 0.50, 0.75, we obtain 183 three values, of which the most representative is I oex2. Table 1 shows the equivalence 184 values so that although the territorial bioclimate allows the existence of climactic 185 forests, in wild areas with RC = 50% the humid ombrotype becomes dry or subhumid 9 depending whether the value of RC =25% or 50%. The subhumid becomes dry and the 187 dry becomes semiarid or arid. Therefore, in areas with Io > 8 we obtain I oex2 values of 188 3.86 and 4.94, which is equivalent to subhumid. This explains the fact that in rocky 189 areas there is an edaphoxerophilous community of Quercus faginea s.l. or Abies pinsapo 190
Boiss., as occurs in Grazalema (Cadiz); or that a value of I oex1 = 2.47 is obtained in the 191 case that RC = 25%. In this situation, there is a presence of an edaphoxerophilous in Greek territories. This taxon has a low content in alpha-pinene and a high content in 211 limonene, which, among other morphological differences, justifies the rank of species 212 for this taxon. There are also substantial differences in the essential oils of Juniperus 213 navicularis Gand. compared to the rest [11] . 214 Alpha-pinene is common to the four taxa and p-cymene to J. oxycedrus subsp. 215 oxycedrus, J. oxycedrus subsp. macrocarpa and J. oxycedrus subsp. navicularis (Table  216 1). This is justification for including them all in the Juniperus oxycedrus group. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19   1 1 0,633 0,543 0,633 0,532 0,633 0,049 -0,576 -0,576 -0,576 -0,576 0,424 0,470 0,519 0,519 0,519 0,519 0,519 0,519 2 0,633 1 -0,306 1,000 -0,318 1,000 0,577 -0,333 -0,333 -0,333 -0,333 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 3 0,543 -0,306 1 -0,306 1,000 -0,306 -0,565 -0,347 -0,347 -0,347 -0,347 0,977 0,992 1,000 1,000 1,000 1,000 1,000 1,000 4 0,633 1,000 -0,306 1 -0,318 1,000 0,577 -0,333 -0,333 -0,333 -0,333 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 5 0,532 -0,318 1,000 -0,318 1 -0,318 -0,590 -0,363 -0,363 -0,363 -0,363 0,983 0,995 0,999 0,999 0,999 0,999 0,999 0,999 6 0,633 1,000 -0,306 1,000 -0,318 1 0,577 -0,333 -0,333 -0,333 -0,333 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 7 0,049 0,577 -0,565 0,577 -0,590 0,577 1 0,577 0,577 0,577 0,577 -0,728 -0,662 -0,577 -0,577 -0,577 -0,577 -0,577 -0,577 8 -0,576 -0,333 -0,347 -0,333 -0,363 -0,333 0,577 1 1,000 1,000 1,000 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 9 -0,576 -0,333 -0,347 -0,333 -0,363 -0,333 0,577 1,000 1 1,000 1,000 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 10 -0,576 -0,333 -0,347 -0,333 -0,363 -0,333 0,577 1,000 1,000 1 1,000 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 11 -0,576 -0,333 -0,347 -0,333 -0,363 -0,333 0,577 1,000 1,000 1,000 1 -0,420 -0,382 -0,333 -0,333 -0,333 -0,333 -0,333 -0,333 12 0,424 -0,420 0,977 -0,420 0,983 -0,420 -0,728 -0,420 -0,420 -0,420 -0,420 1 0,996 0,980 0,980 0,980 0,980 0,980 0,980 13 0,470 -0,382 0,992 -0,382 0,995 -0,382 -0,662 -0,382 -0,382 -0,382 -0,382 0,996 1 0,994 0,994 0,994 0,994 0,994 0,994 14 0,519 -0,333 1,000 -0,333 0,999 -0,333 -0,577 -0,333 -0,333 -0,333 -0,333 0,980 0,994 1 1,000 1,000 1,000 1,000 1,000 15 0,519 -0,333 1,000 -0,333 0,999 -0,333 -0,577 -0,333 -0,333 -0,333 -0,333 0,980 0,994 1,000 1 1,000 1,000 1,000 1,000 16 0,519 -0,333 1,000 -0,333 0,999 -0,333 -0,577 -0,333 -0,333 -0,333 -0,333 0,980 0,994 1,000 1,000 1 1,000 1,000 1,000 17 0,519 -0,333 1,000 -0,333 0,999 -0,333 -0,577 -0,333 -0,333 -0,333 -0,333 0,980 0,994 1,000 1,000 1,000 1 1,000 1,000 18 0,519 -0,333 1,000 -0,333 0,999 -0,333 -0,577 -0,333 -0,333 -0,333 -0,333 0,980 0,994 1,000 1,000 1,000 1,000 1 1,000 19 0,519 -0,333 1,000 -0,333 0,999 -0,333 -0,577 -0,333 -0,333 -0,333 -0,333 0,980 0,994 1,000 1,000 1,000 1,000 1,000 1
Types of oils studied: The size of the mature galbuli in the subspecies oxycedrus does not generally exceed 1 249 cm, while in the subspecies badia it is over 1 cm. The leaves of oxycedrus have a width 250 of 1-1.5 mm while those of subsp. badia are 1.2-2 mm. Coincidentally these subspecies 251 are frequently found coexisting in similar biotopes, which has led to frequent confusion 252 by several authors. The subsp. macrocarpa (Sm.) Ball. has galbuli of 1.2-1.5 cm. with a 253 purplish chestnut colour when ripe; this is an erect tree, rarely prostrate, growing up to 254 3 m. In contrast Juniperus navicularis Gand. has a similar ecology to subsp. 255 macrocarpa but grows to a maximum height of 2 m; its leaves are 1-1.5 mm wide, and 256 its galbuli are between 0.7-1 cm ( In this work, we update the state of knowledge on the ecology, taxonomy and 299 distribution of the taxa of the Juniperus oxycedrus group, based on our study and on 300 research by various authors, which has occasionally been the source of controversy. The 301 similarity study based on the quantity, type of essential oils, molecular analyses and 302 different bioclimatic distribution justify maintaining the rank of species for J. 303 macrocarpa Sm. and J. navicularis Gand.. Instead, the distribution and co-existence of 304 the two remaining taxa, in spite of their phytochemical and molecular differences, do 305 not warrant the rank of species, and we thus maintain their rank as subspecies: J.
phytochemical and bioclimatic approaches are very useful to clarify the belonging rank 310 to the taxa. All these results and conclusions are according to [37] . 311 312
